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Multiprogramming saves you 
more than just time. 
NCR multiprogramming gets 
more data processing done 
faster by, in effect, letting 
more than one program run at 
a time. An executive program 
keeps one from interfering 
with another. You don't have 
to add a computer to add 
computer capacity. The NCR 
315-502, newest in NCR's Rod 
Memory Computer line, is a . 
mu:tiprogramming computer 
with a 160,000-character 
capacity. With the new NCR 
365 Disc Unit, this memory 

can be expanded to 64 million 
characters. Use it for file 
directories, program overlays 
and tables. It complements 
the high-capacitY,CRAM (1.98 
billion characters). Add CRT 
ul"1its for a more powerful, 
modular management system. 
Every 315-502 user has access 
to NCR software for finance, 
retailing, industry and 
government. Talk about NCR 
multiprogramming with an 
NCR EDP man. You'll 'have a lot 
going for you. All at one time. 
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computer performance 
Sir: 
I have just reviewed Dr. Knight's 
article, "Changes in Computer Per­
formance" (Sept. 66, p. 40). In evalu­
ating input/output time (tI / O ), he ef­
fectively says two computers with the 
same word transfer time have the 
same effective I/O capability. In other 
words, a 36-bit and an I8-bit machine 
having the same word transfer rate 
are equivalent. I do not agree. Ob­
viously, the 36-bit computer can trans­
fer a given file at twice the rate of 
the I8-bit machine. 
MONROE JUDKOVICS 

Owego, N ew York 

The author replies: As I interpret Mr. Judkovics' 
letter, I feel he is partly right in that the 1/0 
transfer rate is one of thousands of items that 
the model attempts to average using an ap­
proximation. The model does consider word 
length and character or byte transfer rates into 
and out of storage. Mr. Judkovics does not 
appear to recognize this point. A second arti­
cle awaiting publication in DATAMATION has 
a short discussion of some of the limitations 
of my model, 

mis praise 
Sir: 
Bob Head's article, "Management In­
formation Systems: A Critical Apprais­
al" (May, p. 22), is very good. I 
think he covers a very difficult, con­
troversial subject in an easy-:to-under­
stand manner. He provides a realistic, 
refreshing insight into the mysteries 
of MIS. 

E. C. SUELFLOHN 

San Francisco, California. 

Datamation, welcomes your 
correspondence concerning 
articles or items ,appearing in 
this magazine. Letters should 
be double spaced . . . and 
the briefer the better. We re­
serve the right to edit letters 
submitted to us. 

Be a 
good guy 
One gift works many wonders 

THE UNITED WAY 

July 1967 

HAVE A WORD 
WITH YOUR 
COMPUTER 

DASA's DATACALL® Automatic Message Composer matches man and the 
'machine. It fills' the communications gap between human language and 
machine language. Because it understands both. 

This all happens on DATACALL's unique magnetic tape. On the front, you 
type or write your descriptors - customer names, product descriptions, part 
numbers, etc. On the reverse side the associated machine-readable codes 
are stored. OAt ACALL can read out this stored data into its associated sys­
tem - teletypewriters, automatic typewriters, or computers - at the tOl,jch 
of one button. You can read the front side of the tape, the computer reads 
the back. ' 

, DATACALL is designed to efficiently handle IIfixed" data - the kind of 
informatio.n that has to be communicated over and over again. A Single Line 
Advance handles messages of up to 40 characters - ideal for the entering of 
headers or addresses in a computer switching system, the transmission of 
computer commands, etc. An Automatic Line Advance provides continuous 
messages of up to 40,000 characters - perfect for order entry invoicing, 
preparation of freight bills, payrolls, etc. And the magnetic tape cartridges 
are instantly replaceable, making the machine's uses virtually limitless. 

DATACALL completely eliminates tub files, slow, inaccurate manual typ­
ing, and hard-to-manipulate punched paper tape and edge-punched cards 
that must continually be replaced. You only have to organize your informa­
tion once. No need to trainoperators. 

DATACALL cuts storage space, insures top speed and complete accuracy 
in data communications. 

Want to have a word with your computer? 
First, have a wO,rd with us. 

Other DASA data communications products include: 
DATABANK Message Relay Stations that can simultaneously store and 

transmit data. At different speeds. 
DATAGUARD Scrambler/Descrambler Devices that' provide the ultimate 

in security for classified data. ' 
For detailed information, write to: DATACALL, DASA Corporation. 

CASA CORPORATION 
15 Stevens Street, Andover, Mass. 01810 
(617) 475-4940 
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THE GRAFACON 
MAN-MACHINE 
INTERFACE 

a commercial 
r'and tablet 

by H. J. RIDINGER 

Moving a pencil across a writing surface is one 
of man's most highly developed skills. Under 
the sponsorship of ARPA, the RAND Corp. inves­
tigated ways to use man's pencil-moving skill to 

simplify the user-computer interface, and in 1963 they 
completed development of the first model of the RAND 

tablet.! A commercial version of the tablet manufactured 
by the Data Equipment Div. of Bolt Beranek and N ew­
man (BBN) is sold under the trade name Grafacon. 

The Grafacon, shown in Fig. 1 (p. 47), consists of a 
writing surface, a stylus, and associated control and inter­
face electronics. When an operator touches the stylus to 
the tablet, the coordinate position of the stylus appears in 
the Grafacon output register as 20 bits of x, y data. In on­
line applications the x, y data, along with flag bits, are fed 
directly into a computer. In off-line applications the bits 
are recorded on paper tape, cards, magnetic tape, etc. 

The 'x, y position information is available in the Grafa­
con's output register whenever the stylus touches the tab­

"let. Pressing the stylus against the tablet closes a switch in 
the stylus. This gives the operator positive control over 
the transfer of data into the computer or storage medium. 

"Because the Grafacon converts stylus position to x, y 
coordinates, it is an extremely general input device, and is 
used in a wide variety of applications. In one very broad 
applications category, the Grafacon can be considered as 

1. Davis, M. R. and Ellis, T. 0., "The RAND Tablet: A Man-Machine 
Graphical Communication Device," AFIPS Conference Proceedings 
(FJCC), Vol. 26, pt. 1, Spartan Books, Baltimore, Md., 1964, pp. 
325-331. 
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a keyboard matrix with a potential resolution of 1024 x 
1024 items. In a second applications category, the Grafa­
con is used for input of points or curvilinear data from 
sketches, graphs, photographs, maps, etc. In applications 
with a CRT, it provides a convenient and conservative way 
for pointing at displayed data and entering new data. 

In most applications, several capabilities are combined. 
For example, when using the Grafacon. to enter sketches 
on-line into a computer, the keyboard is used to anno-

Mr. Ridinger Is president of 
Ridinger Assoc., a computer 
systems consulting organiza­
tion. He is also an applica­
tions engineering consultant to 
the Data Equipment Div. of 
Bolt Beranek and Newman, 
Inc. He has been manager, 
computer products, Scientific 
Data Systems, and manager 
of equipment and product en­
gineering at The Bunker-Ramo 
Corp. While with Bunker­
Ramo, he was responsible for 
the development of process 
control hardware. 

DATAMATION 





THE 
GRAFACON 

tate drawings and pointing is used to edit the drawing 
displayed on a CRT. 

During the 12 months that BBN'S Data Equipment Di­
vision has been manufacturing Grafacons, 30 units have 
been built in a variety of on-line and off-line configura­
tions. A few of these configurations will be described in 
the context of specific applications. 

text editing 
In a final editing step, typeset copy can be displayed on 

a CRT. The editor moves his stylus on the Gr'afacon surface 
while watching the CRT. Used in this manner, the position 
of the stylus appears as a dot on the CRT. Pressing down on 
the stylus intensifies the dot. This provides a close inter­
action between the natural "blue-pencil" movements of 
the editor's hand and the computer-displayed data. 

When the editor has identified the place in the copy 
requiring an editorial change, he makes conventional 
proofreaders' marks such as "slash" for lower-case, triple 
underline for capitals, caret for insert, etc. He then prints 
letters on the Grafacon to correct the text. The computer 
recognizes the marks and characters, then generates cor-
rected copy. . 

Inforonics, Inc., uses a pi:>p-1 in phototypesetting work. 
As a research project they are using a Grafacon on-line 
with the PDP-1 in conjunction with a Model 30 CRT. When 
errors are detected in galley proofs, the original text on 
punched paper tape is fed back into the PDP-! and dis­
played on 'the CRT. The PDP-1 has been programmed to 
recognize letters printed by the editor on the Grafacon's 
writing surface. After the text has been corrected by the 
editor, the PDP-1 generates a control tape for resetting the 
block of type which was in error. 

Although a light pen would be less expensive to pur­
chase, the Grafacon has some distincf advantages in text­
editing applications. From an economic standpoint, the 
computing power requirements are lower because a light­
pen tracking program is not required. From the stand­
point of the editor, it is less tiring to write on a flat, 
horizontal surface than it is to write on a CRT. Another 
text-editing procedure being investigated involves placing 
the galley proofs directly on the tablet surface; in this 

. mode of operation it would be impractical to use a light 
pen. 

composing 
At NASA'S Command and Control Center, closed-circuit 

TV, Charactrons, and slide projectors are used to create a 
combined display of mission data superimposed on back­
ground formats of instrument panels, maps,. etc. Philco­
Houston Operations is including Grafacons in an ad­
vanced system to be evaluated by NASA. Instead of using 
slides for displaying background formats, the experimental 
system will use digital television, and the background for­
mats will be generated using the Grafacon, then stored on 
magnetic tape. The background formats, recorded from 
the Grafacon on magnetic tape as a series of x, y coordi­
nates, will be fed into a delay line and recirculated for 
refreshing the digitai TV display. This technique will as­
sure registration of the mission data superimposed on the 
background format. Although this is basically an off-line 
application, the Grafacon can be used on-lipe to annotate 
the background format with mission data. 

In a system such as this, the Grafacon appears to offer 
greater freedom in console design by relieving the require­
ments for locating the display with an arm's length of an 
operator using a light pen. 
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A program written in 360 Assembly Language by the 
HAND Corp. recognizes symbols printed on a HAND Tablet 
connected on-line to a 360 Model 40. The symbol set 
recognized by the program includes the alphabet, num­
bers, punctuation, frequently used arithmetic symbols, 
plus a set of flow-charting symbols. 2 

The symbol recognition program is an important ele­
ment of the GRAIL. (GRAphics Input Language) being 
developed by RAND. Although the GRAIL system is ex­
tremely general in nature, and could be applied to tasks 
ranging from text editing to machine design, its greatest 
immediate value is in composing programs. 

form generating 
Typical coding sheets and flow-charting sheets are gen­

erated on a CRT by the computer; symbols are sketched 
free-hand b'y the programmer on the tablet and redrafted 
by the computer as they are recognized. A flow-chart 
block can be assigned a macro function which refers to 
other macro functions of any level of complexity; or the 
flow-chart block can refer to lines of code written by the 
programmer. The details represented by a flow-chart 
block are subsequently retrieved by pointing to the block. 

Because flow charts and coding sheets are usually writ­
ten on several pages, "paging" and "scrolling" symbols 
appear on the programming forms. Pointing at the right­
hand arrow adjacent to the word "page" displays the next 
page of text. Pointing at the upward arrow adjacent to the 
word "scroll" displays lines of code below those directly 
visible on the selected page of the coding sheets. 

A "scrubbing" action of the stylus erases symbols. 
vVhen the scrubbing action is applied to character spaces 
or blank coding lines, the surrounding characters and/or 
coding lines are moved as a result of deleting the indicated 
spaces or lines. 

The above discussion is not intended to' be a compre­
hensive description of the GRAIL research project, but only 
shows how the tablet is used in a system for writing and 
documenting programs. 

Experimental and evaluation work with the Grafacon 
by Philco-Houston Operations has led to development of 
on-lirie message composition and information storage/re­
trieval applications. These projects have been performed 
by R. F. Johnston and Mrs. 1. F. Johnston. In the area of 
programming, Mr. Johnston has suggested the <:levelopment 
of a programming system requiring that the computer tell 
the programmer what the computer can do, as opposed 
to burdening the programmer with remembering what 
instructions he can give to the computer. Johnston suggests 
that the programmer's chore should be reduced to point­
ing at the things he wants, and saying "ugh"-the system 
would be called UGHTRAN. 

designing 
Probqbly one of the most promIsmg application areas 

for the Grafacon is in sketching. In these applications, it 
is used in conjunction with a CRT display. While it may 
sound awkward to watch a point on a CRT while moving 
the stylus on a separate writing surface, the strangeness is 
about equal to that experienced during the first few min­
utes behind the wheel of a rented car-and the danger is 
considerably less. Somehow the naturalness of the desk­
top writing position enables the operator to coordinate 
easily with the CRT display. -

Design projects involving hospital layout have been per-

2. Groner, G. F., "Real·Time Recognition of' Hand Printed Text," AFIPS 
Conference Proceedings (FJCC), Vol. 29, Spartan Books, Washington, 
D.C., 1966, pp. 591·601. 
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InTEGRATED SYSTEmS SUPPORT 
makes the BR-90 DISPLAY ANALYSIS CONSOLE the best friend your data base can have 

We're systems people. That's why, when you add a BR-90 Display Analysis Console to your data handling system, 
we can back it up with a unified support program that begins anywhere along the line: 

• thorough examination of systems objectives 
• operations analysis to translate user require- • simulation and test of operating problems 
ments into system function and design objec- and procedures in our On-Line Center-before 
tives your system is installed 
• integrated hardware and software imple- • installation and integration of the console 
mentation into your system 
• programming that will get the most out of • integrated field support to keep your system 
your computer-BR-90 system operating at top efficiency. 

If you need to get data out where you can see it-manipulate it-store it-then a BR-90 Display Analysis Console 
belongs in your data handling system. The BR-90 is system-compatible. Not just for today. But right through the 
years, modifiable as your system requirement changes . 

. If you want more information: 
Call H. A. Kirsch (213) 346-6000. Or contact your local Bunker-Ramo field representative. 

IIj THE BUNKER-RAMO CORPORATION 
DEFENSE SYSTEMS DIVISION 

8433 FALLBROOK AVENUE' CANOGA PARK. CALIFORNIA 91304 • (213) 346·6000 
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